We report the naming performance of a fluent aphasic, DP, who shows a striking dissociation between semantic and phonological (nonword) errors: he produced numerous semantic errors but virtually no phonological errors. DP's pattern of performance is the reverse of that reported for patient DM (Caramazza, Papagno, & Ruml, 2000) , who only made phonological errors in a naming task. These patterns of performance are inconsistent with the proposal by Dell, Schwartz, Martin, Saffran, and Gagnon (1997) that the naming deficit in fluent aphasia is the result of global damage to all levels of the lexical access system and support instead the hypothesis that brain damage can selectively disrupt distinct subcomponents of the lexical processing system. © 2000 Academic Press Current models of lexical access share the core assumption that there are at least three distinct types of representations involved in speech production: semantic, lexical, and phonological (e.g., Caramazza, 1997; Dell, Schwartz, Martin, Saffran, & Gagnon, 1997; Levelt, Roelofs, & Meyer, 1999; Humphreys, Riddoch, & Quinlan, 1988; Starreveld & La Heij, 1996) . Models also share the assumption that the semantic representation of the target word sends activation to the lexical layer, activating a set of semantically related lexical nodes. The lexical node with the highest activation level is selected from the set of activated nodes. Beyond this basic architecture there is little overlap among models. An important area of disagreement concerns the mechanism by which representations at each of these levels are activated. Models differ on whether stages operate in discrete or in cascaded fashion.
Discrete stage models assume that only the selected lexical node sends activation to the next stage of processing (e.g., Levelt et al., 1999) . Cascaded stage models assume instead that activation flows continuously between stages in proportion to the level of activation of each lexical node (Caramazza, 1997; Dell, 1986; Dell et al., 1997; Dell & O'Seaghdha, 1992; Harley, 1993; Humphreys et al., 1988; Peterson & Savoy, 1998) . Cascaded activation models are further distinguished in terms of whether they allow only forward activation (Caramazza, 1997; Humphreys et al., 1988) or both forward and backward activation (Dell et al., 1997; Harley, 1993) . Models that assume both forward (from the semantic to the lexical to the phonological layer) and backward activation (from the phonological to the lexical to the semantic layer) are called interactive activation models.
Recently, Dell et al. (1997) argued that the naming performance of fluent aphasics provides evidence for the interactivity assumption in lexical access. Their claim is based on the observation that fluent aphasics seem to produce various mixtures of naming errors: semantic, formal (word substitutions that are phonologically but not semantically related to the target), and mixed (semantic ϩ formal) substitutions and nonword responses. Naming errors are classified in terms of their relationship to the target response. Thus, if a patient produced ''chair'' in response to a picture of table, the response would be classified as a semantic error. Similarly, if the patient said cable or /teikl/, the responses would be classified as a formal and a nonword (phonological) error, respectively. A mixed error is a word substitution that is both semantically and phonologically similar to the target response (e.g., cat → rat). The co-occurrence of different types of errors is a natural consequence of the interactivity assumption. Because activation flows both forward and backward, the activation level of a lexical node is affected by both the semantic and the phonological relationship of that word to other words in the lexicon. A consequence of this intermingling of activation from the semantic, lexical, and phonological layers is that perturbation of any part of the lexical access system will reflect influences from all layers of the system, resulting in various mixtures of error types. Dell et al. (1997) argued that the patterns of naming errors produced by a set of fluent aphasics could be explained as the result of two types of damage, each of which occurs uniformly at all levels of lexical processing but that interact to give various patterns of damage. The two types of processing deficits assumed to be involved in fluent aphasia are abnormal decay of node activation and weakened connection strength between nodes. Because damage is assumed to occur uniformly throughout the lexical access system, this property of their model is referred to as the globality assumption. Dell et al. (1997) claimed that by ''globally lesioning'' their model of lexical access, they were able to reproduce the patterns of error mixtures found in fluent aphasics. This result was taken as support for the core assumptions-the interactivity and the globality assumptions-of the computational model used to reproduce the error patterns.
Although it is possible that some patterns of naming errors in fluent aphasics could arise from global damage to the lexical access system, there are also patterns of naming performance that are highly problematic for the model tested by Dell et al. One way to assess the ability of Dell et al.'s model to account for the naming performance of aphasic patients is to plot the space of possible error patterns that are generated by the model when the relevant parameter values (decay and connection strength, in this case) are changed systematically and then determine whether patients' naming error profiles fall within that space. When this is done (see , for detailed exposition of this method), it is immediately apparent that Dell et al.'s model cannot account for the performance of patients who make either only semantic or only phonological errors. And as has been pointed out by various investigators (Caramazza, Papagno, & Ruml, 2000; Rapp & Goldrick, 2000; Ruml, Caramazza, Shelton, & Chialant, 2000) there are a number of such patients in the literature. Thus, there are patients who make semantic but not phonological errors in naming (e.g., Hillis, Rapp, Romani, & Caramazza, 1990) and patients who make phonological but not semantic errors (e.g., Caplan, Vanier, & Baker, 1986; Caramazza et al., 2000; Hillis, Boatman, Hart, & Gordon, 1999; Wilshire & McCarthy, 1996) . Nonetheless, the data reported for some of these patients were obtained using scoring criteria different from those used by Dell et al. Furthermore, some of these patients (e.g., patient RL: Caplan et al., 1986) were tested with a relatively small number of items and thus we cannot be highly confident of the reliability of the results. It is important, therefore, to document the performance of patients with clear dissociation of semantic and phonological errors since such cases are especially important in helping us choose between models of lexical access. In this very brief report we present the performance of a fluent aphasic patient who produced a large number of semantic paraphasias but almost no phonological (nonword) errors. The performance of this patient is complementary to that of patient DM, reported in this issue , who makes phonological but not semantic errors.
CASE REPORT
DP is a 47-year-old, right-handed man with a university degree who was a professor at a local university until he suffered a stroke in the right hemisphere in June 1998. A CT-scan 40 days postonset showed extensive ischemic changes in the periventricular white matter as well as multifocal injury to the specific white-matter regions of the corona radiata, internal capsule, and the pons.
General Neuropsychological Examination
DP's visual-perceptual abilities are mildly impaired. In the Figure of Rey test he showed problems in integrating the different parts of the global con-figuration although he reproduced specific details without difficulty. His score in this task was 26 (7th percentile). He scored below normal (standard score of 6) on the WAIS information subtest, indicating mild long-term memory problems. In an assessment of visual short-term memory, he also showed some difficulties-he obtained a score of 20 (1st percentile) with the Figure of Rey test. He scored 22/35 on the Mini Mental test, quite low for his education level.
Language Evaluation
DP was classified as an anomic aphasic on the basis of his performance on the Spanish version (Garcia-Albea & Sanchez-Bernardos, 1983) of the Boston Diagnostic Aphasia Examination (Goodglass & Kaplan, 1986) . He performed poorly in confrontation naming and naming to definition. He also scored poorly in fluency naming tasks. Otherwise, his spontaneous language is fluent and grammatical, if replete with word finding difficulties, circumlocutions, and perseverations. Oral comprehension is preserved, although he shows mild difficulties with long, complex sentences. Reading and writing are preserved.
On the Semantic Association task (BORB, Riddoch & Humphreys, 1993) , DP only failed 1 item (29/30): he matched tennis racquet with soccer goal posts instead of with a tennis net. In the oral word-picture matching and written word-picture matching tasks taken from the Spanish version of the PALPA (Valle & Cuetos, 1995) , DP made a total of 3/80 errors, choosing the semantic foil in all cases. He chose table instead of stool in the oral task, and index finger instead of thumb and boot instead of shoe in the written task. He showed no problems in repetition (20/20), reading (20/20) , or writing to dictation (10/10).
Since DP is a fluent aphasic whose problems seem to be restricted to naming, he is a good test case of the globality assumption proposed by Dell et al. (1997) .
METHOD DP was asked to name 140 pictured objects taken from the set published by Snodgrass and Vanderwart (1980) . The pictures were the same as those selected by Cuetos et al. (1999) . These items were selected because all had single-word names in Spanish and name agreement of over 84%. The pictures were presented to DP on individual cards. On 3 different days, he was asked to name the full set of 140 pictures. He named 92 of the 140 items correctly (66%) the 1st day, 96 items (69%) the 2nd day, and 103 (74%) the 3rd day. Over the three sessions, DP named 291 (69%) items correctly. He gave the correct response all three times to 68 of the 140 pictures. Of the 72 items he failed to consistently name correctly, he gave the correct answer two times to 35 items, once to 17 items, and consistently failed with 20 items. His responses consisted primarily of semantic substitutions. For example, in response to a picture of a carrot, he gave the correct answer the first time but said parsley in the second session and beetroot in the third; in response to a picture of moon he said sun on all three sessions; and to the picture of a tiger he said lion once and panther the other two sessions. And, finally, although the list of items used in the naming task was not designed to test for the presence of category-specific deficits, it does not appear that DP has a such a deficit. Taking into account only the items he named correctly on all three testing sessions, he consistently named correctly 20/43 (47%) living things, 44/93 (47%) nonliving things, and 4/5 body parts.
An analysis was carried out to determine the contribution of lexical and postlexical factors on DP's naming performance. The variables ''number of phonemes'' of the pictures' names and ''age of acquisition'' (AoA) were considered as markers for post lexical and lexical processes, respectively (Butterworth, 1992; Gerhand & Barry, 1998) . Both variables were divided into two categories. For number of phonemes, stimuli were considered short if they had between two and five phonemes and long if they had six or more phonemes (the median phoneme length for the 140 stimuli was 5.56); for AoA, stimuli with values up to 4.25 were considered early-acquired words and stimuli with a value above 4.25 were considered late-acquired words (the median was 4.25; from the norms published by Cuetos, Ellis, & Alvarez, 1999) . The dependent variable used in the analysis was the number of correct responses for each item. Since each picture was presented three times for naming, scores varied between values of 0 and 3. The results of the analysis of variance showed a significant effect of age of acquisition [F(1, 136) ϭ 11.290, p Ͻ .001], no effect of length [F(1, 136) ϭ 1.441, p ϭ .232], and no interaction between the two variables [F(1, 136) ϭ 0.002, p ϭ .969]. These results suggest a locus of impairment at the level of lexical node activation/selection and not at the level of phonological segment activation/selection.
For present purposes, the most critical aspect of DP's performance concerns the types and distribution of his naming errors. To address this issue, responses were scored using the same procedure as Dell et al. [1997; see also Caramazza et al. (2000) for more details]. In this procedure, only the first complete response is scored and responses are classified into seven categories: correct, semantic, formal, mixed (semantic ϩ formal), unrelated, nonword, and other (circumlocutions, no response, and miscellaneous). However, the category other is not considered in the model fitting analyses reported below. This category includes errors that are considered to be currently outside the scope of explanation of lexical access models. Table 1 presents the distribution of DP's responses for each testing session separately. As is immediately apparent, the great majority of errors were semantic substitutions. DP only made one nonword error in naming 420 pictures. The 129 errors were distributed as follows: 74 (17.6%) semantic substitutions, 1 (0.2%) formal error [e.g., percha (coat hanger) → persiana (blinds)], 6 (1.4%) mixed errors, 2 (0.5%) unrelated word responses, and 1 (0.2%) nonword response; the remainder, which were classified as other, were 25 (6%) no-responses, 6 (1.5%) descriptions/circumlocutions, 8 (1.9%) visual errors (e.g., thimble → vase), 4 (1.0%) morphological errors [e.g., regadera (watering can) → regador (the person who uses the watering can)], and 2 (0.5%) perseverations. Finally, as may be seen in Table 1 , DP's performance Dell et al.'s (1997) model of English under the assumption of global damage. Circles represent patient DP and, for comparison, patient DM . improved across testing sessions. However, the number of semantic errors remained constant and the improvement was due to a reduction in the rate of visual and unrelated errors.
FIG. 1. Error distributions. Dots represent the possible patterns that can be achieved by
Can the pattern of naming errors observed for patient DP be accounted for by the model of naming impairment in fluent aphasics proposed by Dell et al. (1997) ? As previously noted, one way to answer this question is to plot the space of possible error patterns that the model generates when the relevant parameter values are changed systematically and then determine whether DP's naming error profile falls within that space. Although we have not developed a Spanish version of Dell et al.'s model, we can use both the space of possible error patterns for English and that for Italian (Caramazza, Ruml, Capasso, & Miceli, unpublished) as approximations. (The Italian model may be the better approximation since the phonological structure of Italian is quite similar to Spanish.) Figures 1 and 2 show Dell et al.'s (1997) model of Italian under the assumption of global damage. Circles represent patient DP and, for comparison, patient DM .
FIG. 2. Error distributions. Dots represent the possible patterns that can be achieved by
respectively the English and Italian versions of the relation between pairs of error patterns that can be obtained using Dell et al.'s two-parameter global lesion model (dots) . Each panel represents only two response categories. The dots represent error frequency pairs that are generated for a particular combination of the two factors (the decay and connection strength parameters) that Dell et al. assume to be damaged in fluent aphasia. For example, the dots in the top middle panel reflect the possible combinations of particular frequencies of semantic versus nonword errors. Each dot represents a pair of error frequencies resulting from a specific combination of parameter values. Thus, for example, it can be seen that for a nonword error rate of about 20%, we expect to find 7-14% semantic errors. Similarly, in the rightmost panel of the middle row, for a correct naming rate of 60%, we expect a nonword error rate of about 11-21%. The question then becomes: Does DP's error profile fall within the space of possible error profiles generated by the globally lesioned model?
The frequencies of error types produced by DP are plotted in Fig. 1 (English) and 2 (Italian) , along with the performance of patient DM , who showed the opposite pattern of dissociation: numerous nonword errors but no semantic errors.
1 It is quite apparent that the error frequencies observed for DP fall within neither the space of possible error profiles generated by the English version of Dell et al.'s model nor that of the Italian version of that model. For example, as can be seen in the leftmost top panel, the proportion of semantic errors produced by DP falls outside the range of possible errors rates predicted by the model. The same is true for the relation among correct responses, semantic errors, and nonword errors, for both the English and Italian versions of the model. It would seem, then, that the model cannot account for DP's naming performance profile.
DISCUSSION
We have presented a patient with fluent aphasia and naming problems whose errors consist primarily of semantic paraphasias. DP's naming performance is similar to that of patients RGB , KE , EBA (Hillis & Caramazza, 1995) , and PW (Rapp, Benzing, & Caramazza, 1997; Rapp & Caramazza, 1998; Rapp & Goldrick, 2000) -all make predominantly semantic errors in naming. To be sure, there are other differences among them. For example, unlike KE, the other patients (RGB, EBA, PW, and DP) do not have significant deficits in word comprehension.
DP's overall pattern of performance is very close to that of PW. Both PW and DP produce fluent speech that is grammatically correct and properly articulated. In both cases, the main problem is restricted to word-finding difficulties. Both patients also have slight comprehension problems (unlike RGB who had normal comprehension performance). Even the percentage of responses are very similar in the two cases: DP had 69.3% correct responses, 17.6% semantic errors, and 6% don't know responses; PW had 72% correct responses, 19% semantic errors, and 6% don't know responses. However, in contrast to DP, all the other patients, including PW, made semantic errors in oral reading. This difference is due to the fact that DP, unlike the other cases cited here, had spared orthography-to-phonology conversion processes. Finally, as already noted, KE made semantic errors in both comprehension and production tasks. This pattern of performance suggests that KE, unlike the other cases cited here (including DP), had extensive damage to the semantic system. Despite the differences among these patients, they share two crucial features for our present purposes: they are all fluent aphasics and they all make semantic but not nonword (phonological) errors. This pattern of performance is problematic for Dell et al.'s (1997) proposal that the naming deficits in fluent aphasia result from global lesions to all levels of the lexical access system. This proposal cannot account for the clear dissociation of semantic and nonword errors. Thus, the performance profiles of patients DP, RGB, KE, EBA, and PW, who make semantic but not nonword errors, and patients RL (Caplan et al., 1986) , DM , and JBN (Hillis et al., 1999) , who make phonological nonword errors but not semantic errors, provide a clear refutation of Dell et al.'s (1997) model. Dell et al. (1997) had correctly noted that some of the early cases reporting the problematic dissociations could not be interpreted unambiguously as disconfirmation of their model. This is because the scoring procedure used in some cases (e.g., RGB: ) was different from theirs or because the number of observations was too small to allow strong inferences (RL: Caplan et al., 1986) . However, these objections do not apply to DP-we used the same scoring procedure as Dell et al. (1997) and we have a fairly large number of observations. Nor do they apply to patient DM , who showed the opposite pattern of performance to that of DP. Thus, these two cases constitute strong evidence against Dell et al.'s model of naming deficits in fluent aphasia and more generally undermine the theoretical assumptions on which the model is based.
